This paper used the detached eddy simulation (DES) method, compared the effects of different nose lengths of trains on the trackside pressure. The measuring points are arranged according to the CEN standard requirements. It shows that the maximum peak to peak pressure value C p , in the required position, decreases with the increasing nose length by a quadratic polynomial relationship. The trackside pressure amplitudes, that induced by trains with nose lengths of 4 m and 5 m, exceed the limit value of CEN standard in the specified positions.
INTRODUCTION
The trackside pressure and slipstream have an important effect on the people, infrastructures and other facilities near the railway [1] . There are different methods to investigate the trackside pressure and slipstream induced by the train, including the full-scale test, moving model test, wind tunnel test and computational fluid dynamics (CFD) method. A series of full-scale tests conducted by investigators [2] [3] show that the full-scale test can reflect the real and complex surrounding conditions of the train, while it is rather costly. Using a moving model analysis method, pressure variation induced by a high-speed train passing through a station was carried out by Zhou et al. [4] . Meanwhile, Bell et al. [5] [6] developed a windtunnel methodology for assessing the slipstream, and analyzed the effect of tail ________________________ geometry on the slipstream of high-speed trains. For the CFD method, Flynn et al. [7] [8] simulated the trackside pressure and slipstream induced by an operational freight train using delayed detached eddy simulation (DDES); Huang et al. [9] studied the trackside pressure generated by a CRH2 high-speed train by the improved delayed detached eddy simulation (IDDES) method and proposed a safe distance.
Discussions above indicate that the trackside pressure and slipstream and associated effects are studied by many researchers. However, in terms of the effect of a series of nose lengths of trains on the trackside pressure, there are few studies have addressed this problem. Therefore, this paper used the DES method [10] [11] , compared the trackside pressure with respect to different nose lengths according to the requirement of CEN standard [12] , and concluded the influence rule of increasing nose length on the variation of trackside pressure.
METHODOLOGY

Geometry and numerical method
The original model analyzed in the present work is an intercity train in China; its nose length is 4 m, and other train models with nose lengths of 5 m, 9 m, 12 m and 15 m are established based on the intercity train. Figure 1 shows the computational models. Except for the nose length, other geometry parameters, such as the cross section, bogies and total length of each train model are identical. This study used the DES method, which was originally proposed as a hybrid method based on the large eddy simulation (LES) and Reynolds-averaged Navierstokes (RANS) method by Spalart et al. [13] of the LES and RANS models, the DES method uses a single turbulence model, which overcomes the large demand for computational resources of the LES and improves the accuracy requirements of the RANS method. This study used the commercial CFD solver Fluent. The governing equations were solved using the finite volume method (FVM). The convection terms were discretized using a blended central differencing scheme. The time integration was conducted using a second-order backward implicit scheme, and the time steps were maintained at 5 10 
Δ
s. The pressure-velocity de-coupling was conducted using the semi-implicit method for pressure-linked equations consistent (SIMPLEC) algorithm.
Computational domain and mesh
The computational domain used in the present work is shown in Figure. 2(a). In order to simulate the running condition of the train, the inlet boundary is given a constant velocity with 69.44 m/s and outlet is set as zero pressure-outlet. The simulations replicate the relative movement between the train and the ground by specifying a moving no-slip wall boundary condition for the ground plane and rails. The sides and the roof of the computational domain are set as slip-wall boundary conditions.
The surface grid of the train is shown in Figure 2 
Measuring point arrangement and data processing
According to the CEN standard [12] , there are six points located from COR 2.5 m for the trackside pressure assessment. The maximum pressure peak to peak value among these points should be compared with the limit value. The specific location information of pressure measuring points is shown in Figure 3 . For convenient and concise analysis, a dimensionless data coefficient is employed for the data processing.
Where P 0 is the reference pressure, here P 0 = 0 Pa; P is the static pressure beside the train;  represents the density of air, here is 1.225 kg/m 3 ; t V is the train speed, here is 69.44 m/s. 
Results validation
The full-scale test of CRH2 had conducted on the Wuhan-Guangzhou high-speed railway. The trackside pressure was tested in the position located at 3.15 m from the COR and about 1 m from the TOR. The detailed test conditions can refer to [9] . Using the same computational setting, method and mesh strategy in this paper, Figure 4 shows the comparison between the numerical results and the experiment results. The train model studied in this paper has five cars, and the train in the fullscale has eight cars. Therefore, the results comparison is mainly concentrated on the head wave and tail wave. It can be seen that the calculation results are in agreement with the experimental results, and the maximum error is 3.8% considering the peak to peak value of the head wave and tail wave. It suggests that the method in this paper is suitable to this study and the simulation results are reliable. For the same height from the TOR, it can be seen that the pressure coefficient, including the positive and negative values, induced by the train head, decreases with the nose length increasing. The pressure coefficient of tail wave has a similar trend to that of the head wave. The distance between the positive and negative pressure peak values becomes longer due to the nose length increases. Besides, there are two peak values of the negative pressure coefficient for trains with nose length of 12 m and 15 m. As shown in Figure 6 , there is a strong negative pressure region occurs for a train with a shorter nose length, and it called Peak 1; the peak is mainly affected by the transition region of the streamlined head and the car body; while for a longer nose length train, the negative pressure Peak 1 is mainly affected by the bogie and the negative pressure Peak 2 is mainly affected by the transition region of the streamlined head and the car body. For a longer nose length train, the distance between the side of the first bogie and the train outside surface is smaller than a shorter nose length train. Therefore, this bogie region will generate an obvious effect similar to the transition region of the streamlined head and the car body.
RESULTS AND DISCUSSIONS
The height from 3 m to 1.5 m, it is obvious that the pressure fluctuations in the inter-carriage gap are stronger. This phenomenon can attribute to the more disordered and stronger airflow near the ground, which induced by the complex bogie structures and other facilities under car body. In order to clearly compare the difference of pressure peak values, the maximum (C maxp ), the minimum (C minp ), and peak to peak (C p ) pressure coefficients of head wave and tail wave are analyzed. Figure 7 In addition, with the increase of nose length, it finds that the values of C maxp and C minp of train head and train tail become more and more closely, and this phenomenon is more distinctly at a higher position. For example, at the height of 3 m, the train with 15 m nose length, the values of C minp of the train head and tail are nearly equal. Therefore, with the increasing nose length, the peak to peak values of pressure coefficient are more closely for the train head and tail, this is good for the running steady of the train and the constructions beside the track. Furthermore, for the same nose length train, at a higher location, the pressure peak value is lower; this will be further discussed in detail in Figure 8 . Figure 8 shows the pressure peak values change with different heights from TOR for a train. Overall, every pressure peak value decreases with the height increasing for the same nose length. Note that the C minp and C p of train tail for nose length of 4 m have a rise followed by a reduction trend, this may be due to the shape change along the height direction of 4 m nose length is much different with others. Meanwhile, with the nose length increases, the decrease of pressure coefficient from a lower position to a higher position is clearer for the head wave. For instance, the nose length of 4 m, whose C maxp decreases by 21.5% from the height of 1.5 m to 3 m, while those of 9 m and 12 m nose lengths are 25.2% and 29.6%, respectively. However, the pressure coefficients of tail wave change uncertainly because of the influence of relatively complex wake flow. According to the CEN standard, the maximum pressure of peak to peak value, from the six heights discussed above, should be assessed to compare with the specified limit pressure. After a discussion above, it can be concluded that the maximum pressure of peak to peak values occurs at the height of 1.5 m from TOR for every train, and it is induced by the train head. Therefore, Figure 9 shows the C maxp , C minp and C p at the height of 1.5 m vary with the increasing nose length. It can be seen that C minp and C p decrease with the increasing nose length by a quadratic polynomial relationship; the C maxp decreases by a negative power relationship. Values of C maxp , C minp and C p decrease by 30.7%, 61.8% and 48.3 % from the nose length of 4 m to 15 m. Table 1 shows the maximum limit pressure of peak to peak value (p) of CEN standard and the corresponding numerical simulation results. Note that the p 95% represent the pressure variations occurring are characterized by the upper bound of the 95% confidence interval, for the maximum peak to peak pressure in the experiment test [12] . In the case of unsteady simulation and a streamlined train, the simulation results p should be enlarged by 1.03 times to compare with the CEN standard. Therefore, it can be seen that the trackside pressure amplitudes of trains with nose lengths of 4 m and 5 m in the specified position exceed the regulation of limit value. 
CONCLUSION
In this study, a numerical simulation was performed to study the impact of different nose lengths of trains on the trackside pressure. The following conclusions were obtained.
(1) At the same height from TOR, the pressure coefficient, including the positive and negative values, induced by the train head decreases with the nose length increasing. There are two peak values of negative pressure coefficient for trains with longer nose length because of the effect of bogies, such as trains with 12 m and 15 m nose length.
(2) The maximum pressure of peak to peak value occurs at the height of 1.5 m from the TOR. The C p decreases with the increasing nose length by a quadratic polynomial relationship. The trackside pressure amplitudes of trains with nose lengths of 4 m and 5 m in the specified position exceed the limit value of CEN standard.
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